
relation. According to proximity or to similarity of 15 
topographic and orographic features, the several approxi- 
mations thus obtained always expressed in per cent of 
normal annual rain (in this case the 14-ye.ar a.verage), 
were weighted and were then used to establish the missing 
record expressed in percentage of the annual normal. 

~.~ ~ ~ 

It is to be noted, however, that the relation between 
the amounts of rain a t  near-by stations is much more 
likely to be fairly constant in California where the rain 
producing cyclones are generally .of vast extent than 
would be expected where much ram falls during storms 
which cover only small areas. 

Any refinement of calculation to give better results 
than can be obtained by the foregoing simple method is 
never warranted. This will appear when it is considered 
that the best that can be done is to secure an approxima- 
tion. The records of the past are, moreover, generally 
required to serve only as a basis for a prediction of what 
may be expected to happen in the future. There is, 
furthermore, always so much uncertainty in the premises 
that no intricacy of calculation can give any more depend- 
able results than the simple comparison above described. 

TESTS OF RAINFALL-INTERPOLATION METHODS 

ERIC R. MILLER 
[Weather Bureaii, Madison, Wis.] 

The results of applying to some difficult cases t,he 
method of interpolation of rainfall data recommended in 
the ~IONTHLY WEATHER REVIEW, January, 1931, may be 
of interest to meteorologists on account of the light thrown 
on some unusual rainfall phenomena. 

Figure 1 is a scatter diagram showing the correlation of 
the monthly rainfall in June for 33 years between 1895 
and 1930 a t  Cent,er Hall and State College, Pa., about 
10 miles apart. The correlat,ion coefficient for all cases 
is 0.52; excluding t8he cases of 1909, 1922, 1930, it is 034. 
Examination of the records shows that local downpours 
occurred a t  one or other of the stations in the e.sc.luded 
cases. 

A similar diagram for June minfall, 34 years between 
1888 and 1930, for Titusville and Merritts Island, Fla., 
17 miles apart, Figure 2, shows that the incoherence that 
affected only 3 of the 33 cases in Pennsylvania has here 
spread to t,he whole group. In  spite of t>his, the wide,r 
range of values gives a higher coefficient, 0.61. 

A third t.ype of correlation, close for small values, dis- 
persed for large, is shown in Figure 3, January rainfall, 
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FIGUBB 1.-Scatter diagram shuwiug correlation 
rainfall for June for 33 years 

of monthly total 

rainfalls with a method that he devised in 1885 when, as 
a.ssistant State engineer of California, it devolved upon 
him to prepare a rainfall map of the State. The basis of 
his method is the assumpt'ion that the ratio of rainfalls 

F I ~ U R E  Z.-Sattar diagram showing correlation of monthly total precipitation for 
June, 34 years 

a t  neighboring stations is always the same as the ratio of 
the nolliials. 

The regression equations niininlize the sums of the 
sauares of the deviations of the observed rainfalls from 
t6e computed. A suitable test of Mr. Grunsky's method 
consists in comparing the deviations of computed from 
observed rainfalls by the two methods. 



JUNE, 1931 MONTHLY WEATHER REVIEW 237 

The regression equations shown in the figures as  con- 
tinuous lines are: 
y=0.84X0.54 Center Hall on State College (1909, 1922, 1930 es- 

cluded) . 
y=0.57X3.03 Titusville on Merritts Island. 
y=3.11X 1.99 Boulder Creek on Campbell. 
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FIGURE 3.--CorreJation of January rainfall, 20 years 

where the amounts are in inches of rain per month. 
The equations represent,ing Mr. Grunsky's method are: 

y = 0.995 X 
y=l.O15X 
y= 3.60 X 

and these appear on the diagrams as dotted lines. 

The resu1t.s of the comparison are as follows: 

Sumof Stand- Maxi- 
squares of ard deri- 'lean de- mnm d e  1 deviations I ation 1 error I viation 1 viation 

Ditference __.____._....__ 

Titusville: 
Regression. .._._._._.___..._ 316.3134 8. I4 
Normals ___......_.___..... I 3 2 9 . 1 5 2 4 I  :::!I ::::I 7.79 

Regression ____.____.._.___.. 527.:G!B 5.14 3.55 3 80 12.53 
Normals ..._.__....._____.... 1577.536Y1 5.371 3.721 3:911 12.60 

Difference ___..______.... 1 49.7671 1 .?3 I . I 7  I .I1 I .07 

These results indicate that hfr. Grunsky's method is 
satisfactory for practical purposes, with the advantage of 
eliminating n great deal of arithmetical work. The 
normals should he based on simultaneous data. 

The preparation of a scatter diagram is not very labori- 
ous, and affords valuable inforination about the closeness 
of correlation. 

HIGH FLIGHTS OF SOUNDING BALLOONS 1 

By E. FRANKENBERGER 
[Deutsche Seewarte Hamburg] 

The author expresses the fact that niost of our knowl- 
edge of t,he composition of the stratosphere is gained by 
indirwt niet,hods, and that it would be valuable if air- 
soundings, wit.h direct measureme,n ts, were made to 
heights of over 30 hi .  

In t8he spiing of 1929 the meteorological experimental 
bureau of the Deutsche See,warte undertook to solve the 
problem of get,ting mea.surement,s a t  high altitudes by 
systeniat,ic sounding balloon flights. Mathematical cal- 
culations of the forces of expansion in partially elastic 
balloons were made, and by research the elastic qualities 
of balloon rubber and the most favorable amount of gas 
for sounding balloons were determined. As a result, a 
sounding balloon on November 2, 1939, reached a height 
of 35 kn1. 

The question of t,he dependence of thermometer lag on 
t,he rate of ascent is taken up and also the problem of 
ventilation. The aubhor says t,hat the condition for 
attaining the greatest altitude is that the balloon rise 
until is reaches it,s floating level and then burst. To 
a.cc.omplish t.his it is stated, they must be inflated so that 
t,lley rise slowly in the lower levels and that this slow 
vertical niot.ion (180 to 340 in. per minute) gives poor 
ventmilatmion. Thus the true temperatures must be cal- 
culated from the indica.ted t,emperatures by the use of 
t,hermometer lag factors. Investigations into the depend- 
e11c.e of t,he,mioiii?,ter lag on air densities and ventilation 
are. in progress for t,he bropospheric air densities and are 
under consideration for t.lle small air dengities of tmhe 
st,ra tosphe.re. 

Five balloons 3,500 mm. (98 inches) in diameter were 
specially prepared for high flights during the international 

1 Analen der Hydrographie nnd Maritimen Mwteorologie, Jan., 1931, pp. 212-22. 


